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Heat-transfer r a t e s  on t h e  afterbody of t h e  Apollo reentry config- 

urat ion have been measured i n  a low-enthalpy wind tunnel a t  a Mach num- 
ber of 8. 
heat- t ransfer  coeff ic ient  on the  afterbody t o  the  calculated heat- 
t r ans fe r  coeff ic ient  a t  t he  stagnation point a t  zero angle of a t tack.  
This r a t i o  was found t o  vary from a l o w  of approximately 0 . 0 1 t o  a maxi- 
mum of about 0.52 as the  angle of a t t ack  var ied from Oo t o  5 5 O .  

The data have been presented as the  r a t i o  of the measured 

INTROIIUCTION 

The heat-transfer d i s t r ibu t ion  on the  afterbody of t h e  Apollo 
reentry vehicle i s  a t  present one of the  la rges t  unknown fac to r s  
a f fec t ing  the design. A ra ther  extensive invest igat ion t o  determine 
the  importance of various parameters on heating i n  t h i s  region i s  now 
i n  progress. It i s  the  purpose of t h i s  report  t o  make avai lable  some 
of the  data already obtained. 
Mach 8 variable-density tunnel a t  a low-enthalpy (350 Btu/lb) a t  f r ee -  
stream Reynolds numbers of 0.06 x 106 t o  1.36 x 106 based on body 
diameter. 

These data were taken i n  the  Langley 
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SYMBOLS 

spec i f ic  heat of wall 

spec i f ic  heat of a i r  a t  constant pressure cp 

T i t l e ,  Unclassified. * 
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D diameter 

PCT - 
a+ 

h 
U b  

heat-transfer coeff ic ient ,  
To - Tw 

2 afterbody length ( f i g .  1) 

Npr Prandtl number 

radius a t  corner 1°C 

radius a t  nose rn 

radius a t  rear  rr 

R 

S 

free-stream Reynolds number based on maximum body diameter 

surface distance measured from stagnation point ( f i g .  1) 

t t i m e  

T temperature 

V velocity at  edge of boundary layer  

X distance along afterbody measured from tangent point of for-  
ward corner and afterbody ( f i g .  1) 

U angle of a t tack  

CL v i  s cosi ty  

er angle of r o l l  

P density 

T skin thickness 

Subsc&p%s : L.=. 9 

< #  + -  -..f* 
0 re e - stream stagnation con d i  t i on 

S stagnation conditions behind normal shock a t  zero angle of a t t ack  
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TEST F A C m  

These t e s t s  were conducted i n  the Langley Mach 8 variable-density 
tunnel; the tunnel i s  described i n  reference 1. 
axisymmetric contoured nozzle terminating i n  an 18-inch-diameter t e s t  
section. Stagnation pressures used were approximately 30, 100, 300, 
and 1,OOO pounds per square inch absolute with stagnation temperatures 
from TOO0 F t o  l,OOOo F, depending on the pressure. 
number i n  the t e s t  area was 7.95 k 0.05 fo r  stagnation pressures higher 
than 100 pounds per square inch absolute. 
brated a t  pressures lower than this .  

T h i s  tunnel has an 

The nominal Mach 

The tunnel has not been C a l i -  

Model 

The model (fig.  1) was constructed from AIS1 Ty-pe No. 347 stainless 
s teel .  The thin-walled she l l  had a nominal thickness of 0.025 inch. 
actual thickness varied kO.005 inch, and therefore measurements accurate 
t o  ?0.0005 inch were made a t  each thermocouple location. 
were made from AWG No. 30 iron-constantan wire and spot welded t o  the 
inner surface of the she l l  i n  three rows of seven each a t  
and goo. 
of the sting. This st ing was sharpened on both the leading and t r a i l i ng  
edge so as t o  disturb the flow as l i t t l e  as possible. The t w o  stings 
shown i n  figure 1-were identical  except f o r  the angle which they made 
with the center l ine of the model. 

The 

Thermocouples 

= Oo, 45O, 
(See f ig .  1.) The leads were brought out through the center 

TEST TECHNIQUE AND DATA REDUCTION 

Data were obtained by using a t r ans i en t  tes t ing technique. 
tunnel was s tar ted and brought t o  the desired operating conditions, and 
then the model was rapidly injected in to  the airstream by a pneumatic 
piston. 
boundary layer and for  steady flow over the model t o  be established was 
about 0.05 second. The thermocouple outputs were recorded 4.0 times per 
second by a Beckman 210 high-speed analog t o  d ig i ta l  data recording 
system. 
degree curve t o  the temperature-time data by the method of leas t  squares 
and computing the time derivative of temperature on a card-programed 
computer. The heat-transfer coefficient i s  given by the equation 

The 

The time required for  the model t o  pass through the tunnel 

Heat-transfer coefficients were obtained by f i t t i n g  a second- 

dT, 

To - Tw 

PCT - 
dt  h =  
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For these t e s t s ,  heat-transfer coef f ic ien ts  w e r e  computed fo r  t h e  
t i m e  in te rva l  from 0 . 1 t o  1.0 second a f t e r  in jec t ion  of t he  model i n t o  
the  airstream. These short  times together with temperature-rise rates 
of 20° per second or l e s s  resul ted i n  a nearly isothermal surface. The 
conduction along the  t h i n  skin of t he  model w a s  therefore thought t o  be 
negligible.  A more complete description of t h i s  t es t  technique and the  
data reduction method i s  given i n  references 1 and 2. 

A recovery factor  of 1 w a s  assumed i n  determining t h e  temperature 
poten t ia l  To - Tw of equation (1). No attempt w a s  made t o  measure 
the  actual  recovery factor .  
t he  effect  of recovery fac tor  on the  data. Assuming a recovery fac tor  
of 0.85 and isentropic expansion from stagnation conditions behind the  
normal shock t o  free-stream s t a t i c  pressure indicated t h a t  t he  resu l t ing  
difference i n  h would be only 10 percent. 
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However, a calculation w a s  made t o  estimate 

The data are  presented a s  t he  heat-transfer coeff ic ient  r a t i o  h/hs 
where h i s  t h e  measured loca l  value and hs i s  the  theore t ica l  value 
f o r  the stagnation point a t  zero angle of a t tack.  The value of hs w a s  
computedby the  method of reference 3 (assuming a Lewis number of 1): 

where 
the  value of the  Newtonian veloci ty  gradient of a sphere of radius 
A l l  t h e  data presented herein were obtained with s t i ng  1. 
with s t ing 2 a t  an angle of a t t ack  of 35’ indicated t h a t  changing s t ings  
had essent ia l ly  no effect  on the  heat- t ransfer  d i s t r ibu t ion  a t  t he  higher 
angles of a t tack.  However, there  may have been some sting-interference 
e f f ec t s  a t  low angles of a t tack,  par t icu lar ly  a t  zero. 

dV/ds was determined from reference 4 and found t o  be 1.19 times 
rn. 

Data taken 

RFSULTS AND DISCUSSION 

The var ia t ion of the  heat-transfer coefficient r a t i o  with distance 
along the windward ray of t he  afterbody (measured from the  tangent point 
of t he  forward corner and afterbody) i s  shown i n  f igure 2. 
used for each free-stream Reynolds number are also given i n  f igure 2. 
Note the change i n  heat-transfer d i s t r ibu t ion  with angle of a t tack.  A t  
angles of a t tack  of 00 and 5 O ,  t he  heating increased somewhat with dis- 
tance,  while a t  13’ and 2 5 O  it w a s  almost constant, and a t  higher angles 
of a t tack it decreased with distance. The cause for  t he  rapid increase 

Values of hs 
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i n  heat t r ans fe r  with distance from the corner a t  t he  high Reynolds 
number (136 x 104) and zero angle of a t tack  was not known. 
t e s t s  w i l l  be necessary t o  c l a r i f y  t h i s  phenomenon. 

Additional 

For angles of a t tack  of 25O and l e s s ,  t h e  maximum r a t e  of heat 
transfer t o  the  afterbody w a s  always less than 10 percent of t h a t  a t  
the  stagnation point a t  zero angle of attack; however, a t  a 5 5 O  angle 
of a t t ack  it was as high a s  32 percent of the  value a t  t he  stagnation 
point a t  zero angle of a t tack.  A t  t h i s  angle the  windward ray of t h e  
afterbody was incl ined 20° i n t o  the  wind. 

The d is t r ibu t ion  of heat t ransfer  around the  afterbody i s  shown i n  
f igure 3 f o r  x/2 of 0.402. There was a ra ther  rapid decrease i n  
heating rate with angular distance from the windward ray, pa r t i cu la r ly  
a t  t he  high angles of a t tack.  

Schlieren photographs of the  flow about the  model a re  shown i n  
figure 4. For these photographs, the knife edge was horizontal .  Note 
t h a t  t he  s t i ng  had v i r tua l ly  no e f fec t  on the  shape of t he  shock wave. 
Also note how the  shock-detachment distance became smaller near t he  
corner a t  high angles of a t tack.  

CONCWDING IiEMARKs 

Preliminary r e s u l t s  on the  heat t r ans fe r  t o  the  afterbody of t he  
Apollo reentry configuration a t  a Mach number of 8 indicate  t h a t  t h e  
r a t i o  of t he  measured heat- t ransfer  coeff ic ient  on the  afterbody t o  the  
calculated heat-transfer coeff ic ient  a t  t he  stagnation point a t  zero 
angle of a t t ack  var ied from a low of 0 . 0 1 t o  a maximum of about 0.52 a s  
+be angle of a t t ack  var ied from 00 t o  5 5 O .  These r e s u l t s  a l so  indicate  
t h a t  a t  the  higher angles of a t tack  there  was a ra ther  rapid decrease 
i n  heating r a t e  with angular distance away from t h e  windward ray. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Stat ion,  Hampton, Va., May 15, 1962. 
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Figure 2.- Variation of heat t r ans fe r  along windward ray of afterbody. 
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Figure 2.- Continued. 
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Figure 3 . -  Variation of heat t ransfer  around afterbody (x/2 = 0.402). 
R = 46 x 104. 
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Figure 4. - Schlieren photographs. L 62- 2058 
NASA-Langley, 1962 L-3031 


